INTRODUCTION
============

The public-private mix (PPM) approach is an effective way to improve detection rates of the directly observed treatment, short course (DOTS) approach with comparative treatment success rate in tuberculosis.[@B1],[@B2] However, the PPM approach has a lower rate of success than expected in some situations.[@B3] For the PPM strategy to be successful, it is important to find ways to improve the adherence of patients in clinics, especially those patients of low socioeconomic status (SES). However, few studies have investigated the impact of education on adherence, and existing findings are inconsistent.[@B4]-[@B7] We evaluated the impact of physician-provided education on adherence to treatment in patients of low SES in a primary health care clinic.

MATERIALS AND METHODS
=====================

The current study was designed as a pre-/post-intervention study. The control group consisted of tuberculosis patients treated from March 2005 to April 2006, and the intervention group consisted of patients treated from May 2006 to December 2007 at Bangladesh-Korea Friendship Hospital. The facility is a primary health care clinic located in Savar, a suburban industrial complex area adjacent to Dhaka, the capital of Bangladesh. We followed the standard short course treatment regimen recommended by the World Health Organization and used a fixed-dose formula provided free of charge by the national tuberculosis control program in Bangladesh. This study was approved by the institutional review board of Daegu Fatima Hospital (No. DFH10OT088).

From May 2006, we changed the irregular visiting schedules of the patients into regular ones as follows: every week during the initial month of treatment, every other week during the next month, and then every month until the end of treatment. We scheduled the next visit 3 days before drug exhaustion and directed each patient to bring the remaining pills at every visit. Education was performed directly by the physicians on every visit. The contents of our education included the high incidence and mortality rates of tuberculosis in Bangladesh, how to take anti-tuberculosis drugs and their major side effects, and the consequences of nonadherence and of early discontinuation of medication because of symptom relief (e.g., treatment failure, emerge of drug resistance, death). To confirm patients\' full understanding, we asked the following questions: What could happen when you stop taking the medicine? What could happen if you don\'t take the medicine regularly? How long should you take this medicine? What are the important side effects of medication? How should you take the medicine? How many pills are left on your prescription?

Adherence was defined as patient\'s attendance at the scheduled visit and regular medication with over 90% of doses prescribed. The collected data were reviewed and analyzed retrospectively. Categorical and continuous variables were compared by using the Pearson chi-square test and Student\'s t-test, respectively, to test for homogeneity between the intervention and control groups. The Kaplan-Meier method and Cox\'s proportional hazards model were used to evaluate the relationship between adherence to medication and education in the two groups. Multivariate analyses were performed by using the Cox-regression hazard model in the backward stepwise conditional manner. Variables with p\<0.10 in the univariate analysis were included in the multivariate analysis. Statistical analyses of the data were performed with SPSS for Windows (version 19.0; SPSS Inc., Chicago, IL, USA).

RESULTS
=======

A total of 354 patients participated: 198 patients (56%) were treated in the pre-intervention period, and 156 patients (44%) were treated in the post-intervention period.

The patients\' mean (±SD) age was 35 (±15) years in the pre-intervention group and 35 (±16) years in the post-intervention group (p=0.90). Mean body weight (±SD) was 42 (±9) kg in the pre-intervention group and 42 (±7) kg in the post-intervention group (p=0.46). A total of 126 (64%) patients in the pre-intervention group and 85 (55%) in the post-intervention group were male (p=0.08). Of these patients, 145 (73%) in the pre-intervention group and 118 (76%) in the post-intervention group lived within 30 minutes of the clinic by three-wheeler rickshaw (p=0.43). Two hundred seventy-two patients (77%) had pulmonary tuberculosis, and 142 (52%) of them were smear-positive for acid-fast bacilli (AFB) on sputum examination. Extrapulmonary tuberculosis was significantly more common in the control group (56/198, 28%) than in the intervention group (26/156, 17%; p=0.010). However, other characteristics did not differ significantly between the two groups (p\>0.05, [Table 1](#T1){ref-type="table"}).

The proportion of patients who remained adherent at day 168 and the cumulative adherence to anti-tuberculosis medication was significantly greater in the intervention group than in the control group ([Table 1](#T1){ref-type="table"}, [Fig. 1](#F1){ref-type="fig"}). The multivariate analysis included the following variables: age, male sex, AFB-negative, intervention group (p\<0.10 in the univariate analysis), and tuberculosis type (which was significantly different between the intervention group and the control group). Independent risk factors for nonadherence were pre-intervention group, age, and AFB-negative in the Cox-regression multivariate analysis (p\<0.05, [Table 2](#T2){ref-type="table"}). Subjects in the intervention group were more likely than those in the control group to continue taking medication in the multivariate Cox\'s proportional hazards model ([Table 2](#T2){ref-type="table"}). Because the prevalence of pulmonary and extra-pulmonary tuberculosis differed significantly between the groups, we stratified the analyses by tuberculosis type. Cumulative adherence in the intervention group was higher than in the control group among both pulmonary and extra-pulmonary tuberculosis patients (Kaplan-Meier method and log-rank test; chi-square 8.4 and 11.3, p\<0.05 each).

DISCUSSION
==========

Bangladesh, which ranks sixth in the world in terms of tuberculosis burden, first implemented a tuberculosis program with a DOTS strategy in 1984. Treatment success rates reached 92% in 2007.[@B8] However, detection rates are still only 66%,[@B8] and many tuberculosis patients are still treated in clinics.

We treated suburban tuberculosis patients in a clinic; however, treatment success rates were not satisfactory. Because of poorly available resources, to improve adherence, we provided patients with direct education from physicians.

Adherence to anti-tuberculosis treatment is influenced by various factors. For example, knowledge about the disease, the duration of treatment, and schedule of follow-up are associated with adherence to anti-tuberculosis medication.[@B9] Distance and time to health facilities, male gender (male patients are usually the breadwinners of their families), and stigma that tuberculosis is incurable are also major constraints to treatment adherence, especially in developing countries.[@B10],[@B11] Consistent with the previous studies, compliance was also affected by multiple factors in our study.

Previous studies have attempted to educate tuberculosis patients on better adherence. Thiam et al.[@B6] reported that a strategy including reinforced counseling between health personnel and patients improved adherence to the anti-tuberculosis medications. However, a study conducted in Pakistan showed that intensive counseling had a limited impact on adherence.[@B4] Morisky et al.[@B5] also reported that there was no significant improvement in treatment adherence in the intervention group even though intensive education and a monetary incentive were provided to the patients. In our study, education was effective even though most patients were of low SES, most were poorly educated, half were completely uneducated and illiterate, and defaulter tracing was not applicable. In our opinion, the success of our intervention, in contrast with other previous studies that failed, was possibly due to the qualified health care staff and their desire to improve treatment outcomes. In a recent study, Hane et al.[@B12] found that health care staff can play a key role in promoting adherence to treatment, which justifies the training component of the strategy tested and the need for improved counseling.

A major limitation of our study on physician-provided patient education was that defaulter tracing could not be applied. Although our intervention was effective, the treatment success rate was only 78%. Subsequent intervention using defaulter tracing and subsequent DOTS for defaulters is needed. Second, we started to educate the patients and changed the irregular visiting schedules of the patients into regular ones in a bundle of patients at the same time. For this reason, it is possible that not only the education but also the change of schedule contributed to the improved adherence of the educated patients. Third, this study was not designed as randomized controlled trial but was designed as a before and after study.

In conclusion, our data demonstrate that direct education from physicians can improve the adherence of patients to tuberculosis treatment even when the patients are poorly educated and of low SES. Physician\'s education is also important and can contribute to increasing the adherence of patients in resource-limited settings, as can the education of other health care workers.
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Baseline characteristics and outcomes of 354 patients with tuberculosis
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AFB: acid-fast bacilli staining, USD: united states dollar.

###### 

Independent risk factors for nonadherence in 354 patients with tuberculosis
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The multivariate analysis included the following variables: age, male sex, AFB-negative, intervention group, and tuberculosis type. HR: hazard ratio, CI: confidence interval, AFB: acid-fast bacilli staining. ^\*^Continuous variables are expressed as means (±SD).
